Interaction of sn-glycerol 3-phosphorothioate with Escherichia coli. In vitro and in vivo incorporation into phospholipids.
sn-Glycerol 3-phosphorothioate, a bacteriocidal analog of sn-glycerol 3-phosphate in strains of Escherichia coli with a functioning glycerol phosphate transport system, was investigated for its ability to be incorporated into phospholipid under in vitro and in vivo conditions. A cell-free particulate fraction from E. coli strain 8 catalyzes the transfer of sn-[3H]glycerol 3-phosphoro[35S]thioate to chloroform-soluble material in the presence of either CDP-diglyceride or palmitoyl coenzyme A. With CDP-diglyceride as the co-substrate, the product of the reaction was tentatively identified as phosphatidylglycerol phosphorothioate. No formation of phosphatidylglycerol was observed, suggesting that the specific phosphatase required for the synthesis of phosphatidylglycerol does not catalyze, or else at a greatly reduced rate, the hydrolysis of the phosphorothioate monoester linkage. The kinetics of incorporation of sn-[3H]glycerol 3-phosphate and phosphorothioate into chloroform-soluble material in the presence of CDP-diglyceride are almost identical. In the presence of palmitoyl coenzyme A, sn-[3H]glycerol 3-phosphoro[35S]thioate was converted to the phosphorothioate analog of phosphatidic acid. Kinetic analysis showed that the apparent Km values for the incorporation of the phosphate and the phosphorothioate derivatives into phospholipid were 0.4 and 0.8 mM, respectively. The Vmax for the phosphorothioate analog was approximately half that for the phosphate derivative. Chemically synthesized thiophosphatidic acid was not a substrate for CTP:phosphatidic acid cytidylyltransferase. sn-[3H]Glycerol 3-phosphoro[35S]thioate was incorporated into phospholipid by cultures of E. coli strain 8. The major phosphorothioate-containing phospholipid synthesized in vivo was identified as 1,2-diacyl-sn-[3H]glycerol 3-phosphoro[35S]thioate. The phosphorothioate analog of phosphatidylglycerol phosphate was not observed despite our observations that this analog can be synthesized in vitro. Our results indicate that the phosphorothioate analog is an effective sn-glycerol 3-phosphate surrogate and suggest that a major reason for its toxicity toward E. coli strain 8 may be due to a total blockade of endogenous phospholipid biosynthesis.